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INTRODUCTION.

The purpose of this investigation was to determine the

value of the specific characters used in the descriptions of

species of Pseudococcus. While all characters used have
probably not been noted and while some of those omitted may
be of considerable value still the more common and important
characters have received attention.

The investigation has been limited to five species,* namely:
agrifoliae Essig, citri Risso, crawii Coq., longispinus Targ., and
obscurus Essig. A large number of individuals in each species

has been used giving a comparative study for specific variation.

The writer wishes to thank Professor Alex. D. MacGillivray
for the many invaluable suggestions given.

TABULATION AND STUDY OF CHARACTERS.

An examination of the descriptions of species in this genus
shows a great similarity in the characters used. Provided that

these characters do not vary beyond certain limits, this would
make the identification of the species easier. However, if these

characters vary to any great extent and overlap and merge
into each other, the adherence by systematists to these char-

acters instead of the introduction of new ones is unfortunate,

and would make the identification of species very difficult, if

not impossible. In that case the most valuable data in the

descriptions would be the locality and host-plant data.

Body. 1. Size. -In the great majority of descriptions, the

length and width of the body is given. In the measurements
given, a great variation in the length of each species is noted.f

Lengths such as 3-4 mm., 2-5 mm., 1.5-4 mm., are very fre-

quent, showing the wide variation noted by those describing

species. The tablesj showing the lengths of the body, (Tables

1, 2, 3, 4, 5) in the five species studied do not show a variation

any greater than this. A variation of from one and one-half

* The writer does not express an opinion upon the validity of these species,

t R. Mathewson. Can. Entom. XXXIX, p. 286.

I In these and the following tables an ocular micrometer with a 2-5 and 1-8
inch objective were used. All measurements are given in microns.
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to twice the length of the smaller specimens is shown. A
greater variation would probably be found if a larger number
of specimens were measured.

TABLE 1. PsEUDOcoccus obscurus Essig.

Specimen
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TABLE 4. Pseudococcus crawii Coq.

Specimen
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in shape, but in general synonyms are used in the descriptions

of body shape. In the species studied, this could not be an
important specific character as all the species studied were of

practically the same shape. However, in some species, this

might be a distinguishing character.

3. Color. —In descriptions the color of specimens is usually

given, being stated as, whitish, greyish, pinkish, with a red

tinge, etc. The dermis of specimens in this genus is red. The
color of the insect depends on the extent that this dermis is

hidden by the waxy secretion. The amount of waxy secretion

depends largely on the position in which the individual develops.

Those in exposed position requiring more of the waxy covering

as_ a jDrotection than those developing in well protected situa-

tions. This variation in color is well shown in agrifoliae Essig.

The color in this species is usually of a reddish, pinkish, or pink-

ish brown. The writer has found specimens, however, ovipositing

in exposed positions which were completely covered with the

waxy secretion and through which the red dermis was not

visible. Thus all variations from a white to a red specimen

were found. In the other species studied the color was nor-

mally white. In the five species studied color as a character

for separating the species could not be relied upon.

4. Segmentation. —In many descriptions the segmentation

is referred to as distinct or not distinct. This is a character

that is not used to any great extent. This is fortunate as the

value of the prominence of the segmentation as a specific

character is extremely doubtful. In mounted specimens it

would depend to a large extent upon the method used in prep-

aration. The segmentation in chloroform mounts is well pre-

served. In caustic potash mounts it would be largely oblit-

erated. In unmounted as well as mounted specimens the age

and size of the specimens is of great importance. In nymphs
of Pseudococcus the segmentation is very distinct. As it

passes through its last moult and becomes an adult, this dis-

tinctness of the segmentation is lost to a degree. Then as the

insect becomes more and more distended with eggs this ten-

dency to lose its prominent segmentation is increased. Also

the distinctness of the segmentation in unmounted specimens

would depend somewhat upon the amount of secretion covering

the insect. With these factors it does not seem that the dis-

tinctness of the segmentation can be a very satisfactory

specific character.
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Antennae. —The number of segments of the antennae
is a generic and not a specific character, and so is of no import-
ance in separating species. Several species have been described

with seven segmented antennae. The number of segments,

eight, of the type of the genus, longispinus Targ, has been
adopted in this paper. However, a dimorphism has been
described in two instances, viz. : by Folsom for trifolii Forbes,

and by Essig for agrifoliae Essig. In these descriptions there

is said to be a winter form which has seven segmented antennae

;

this form giving rise to the summer form with the normal eight

segmented antennae. If further investigation shows these

observations to be correct, it will be of both specific and generic

importance.

The comparative length of the different segments of the

antennae is a character that is the most used of any of the

characters of the insect's body. The relative length of the

segments and the formulae deduced from the measurements is

almost invariably contained in descriptions. Sometimes a
considerable variation is noted, several formulae being given.

In this study ten specimens of each species were used.

Aside from the question of variation which will be taken up
later, the relative length of the antennal segments is not a desir-

able character to use. The greatest difficulty in its use is the

difficulty of making correct measurements and the determina-
tion of the exact limits of the various segments. The chitin is

not continuous from one segment to the next and consequently
the portion between the chitinous parts of the segments, the

conjunctiva, is not visible or only slightly so in well cleared

specimens. Consequently, in making measurements, the deter-

mination of the end of a segment will be only approximately at

the center of the conjunctiva. This difficulty will be much
increased if there are some bends in the antennae. A second
difficulty is to determine some point at the end of the segment
from which the measurement will always be taken. This
difficulty is most apparent with the first segment. This seg-

ment is an irregular truncated cone with the sides of different

lengths, and but little longer than the width across the base.

It will be seen that the determination of the same points for

the measurement of this segment would be nearly impossible.

In the tables given the writer does not feel that the measure-
ments of the first segment are dependable. Another difficulty

in getting dependable formulae is the very slight difference in
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the length of some of the segments compared to each other. A
difference of only two or three microns is all that is found in

some of the segments. It would be exceedingly difficult to

eliminate inaccuracies to the extent that the formulae would
not ba changed by them. Or in other words, the limit of error

is so small that error, even with the greatest care, is bound to

occur. Unconsciously the measurements would be made to

conform to a given formula or to other measurements. The
writer continually met this difficulty. The measurements
given in Tables 6-10 were taken with an ocular micrometer at

a magnification of 660 diameters. Much more accurate work
was possible than would have been with a camera lucida.

TABLE 6. PsEUDOcoccus crawii Coq.

Specimen
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There is no question about the determination of this species.

They were all taken from one plant of white sage {Raniona
polystachia) at Santa Paula, California. In the tables a formula
is found which agrees with the one given by Coquillett. In but
one specimen was the formula the same for the right and left

antennae of the same individual. All the other formulae
differed as much as the specifically diagnostic formulae pub-
lished for all the species of Pseudococcus.

LoNGispiNus Targ. Formula, (2, 3, 8) (1, 4, 5, 6) 7. New-
stead, "British Coccidae." Vol. II. The specimens examined
were taken from palms in the Horticultural Forcing-house of

Cornell University. Of the ten specimens measured, the for-

mulae of the right and left antennae of but one specimen were
identical. No formula was found which agreed with the one
given by Newstead. The formulae varied as much as the
specifically diagnostic formulae published for all the species of

Pseudococcus.
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TABLE 10. PsEUDOcoccus obscurus Essig.

Specimen
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character very variable. Kellogg & Smith, '04, found that in

twenty-five specimens of Cerepicto yuccae, a closely allied

genus, no two formulae agreed, "and that there was practically

as much variety in these formulae as there is among the eleven

formulae published as specifically diagnostic for eleven North
American species of the genera Cereputo and Phenacoccus."

Again Tinsley, J. D., 'OS, in discussing the variation in the

antennae of P. virgatus Ckll. gives eleven different formulae.

Again the same author, 1900, in his description of a new species,

P. texensis Tins., gives three different formulae. Ehrhorn,

Edw. M., 1900, in his description of a new species, P. maritimiis

Ehr., gives four formulae. The universal use of antennal for-

mulae in descriptions is unfortunate, as this has given an excuse

for the creation of new species and is valueless in analytical

tables for the determination of specimens. The sooner that

the valuelessness of this character is realized by systematists

describing new species of this genus, the sooner will a search for

valuable characters be begun and a serious mistake in taxonomy
be corrected.

Legs. Tables 11-15. The length of the legs is used to

quite an extent in descriptions. Their length compared to the

length of the antennae is often stated, also the length of the

dift'erent segments compared with each other. They are often

spoken of as long and strong. The presence of hairs is often

noted, also that of knobbed digitules.

For the study of the legs five specimens of each species were
used. They were the same specimens that were used in the

study of the antennae. The measurements of the different

segments are the greatest length of these segments, so that the

sum of the lengths of the different segments will be greater than
the length of the leg. Like the basal segment of the antennae,

the coxa is very difficult to measure and the results are not

entirely reliable.

At the right hand side of the tables, formulae are

appended. These formulae are constructed in the same man-
ner as the antennal formulae. The segments are numbered in

order beginning with the coxa.

The formulae show but little if any more satisfactory results

for specific determination than do the formulae of the antennae.

The formulae of each pair of legs for each of the species will be
discussed together.
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Prothoracic Legs. In crawii Coq. and citri Risso the third

segment is always the longest, the fourth segment coming next

in order. In the remaining three species the third segment is

usually the longest but may be equal to or less than the fourth

segment. The first segment is always third in order in the

formulae. In no species does the second segment bear any fixed

relation to the fifth. The sixth segment is always much the

shortest and comes last in order iq^ the formulae.

Mesothoracic Legs. In crawit Coq. the third segment is

always the longest. In the other species the position of the

third and fourth segments vary in relation to each other. The
first segment always comes third in the formulae. The second

and fifth segments vary in relation to each other in each of the

species. The sixth segment always comes last in the formulae.

Metathoracic Legs. In obscurus Essig and citri Risso the

fourth segment is usually longer than the third. In obscurus

Essig an exception is seen to this in the right leg of Specimen
XL In obscurus Risso an exception is seen to this in specimen

VII. In the other species the fourth segment is always longer

than the third. The first segment always comes third in the

formulae. In no species do the second and third segments bear

any fixed relation to each other. The sixth segment is always

much the shortest and comes last in the formulae.

It will be seen from the above discussion that the variation

in the formulae is too great for them to be of service in specific

determination. Exceptions are found to any generalization

that might be made. The limits within which there can be

variation are so small that the variations are almost sure to

go beyond these limits. Other parts of the legs as setae,

digitules, etc., apparently offer no characters of a specific

nature.
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TABLE 13. PsEUDOcoccus longispinus Targ.

Seg-
ment
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TABLE 14. PsEUDOcoccus obscurus Essig.

Seg-
ment
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This character refers to specimens before treatment with

caustic potash. Only a slight study has been made of this

character because living specimens of three of the five species

studied were not available. A difference however has been

noted between citri Risso and longispinus Targ., in the

former the appendages are robust and covered with granules of

wax, in the latter the appendages are slender and do not

have granules upon them, being more linear and wire like.

The objection to the use of this character in the deter-

mination of species is the ease with which the filaments are

removed and the danger that the specimens consequently

would not be in a natural condition. Also in recently moulted
specimens the normal waxy covering would not be formed.

The length of the caudal filaments in longispinus Targ. is evi-

dently a good character if the specimens can be examined in a

normal condition.

Anal Lobes. —The anal lobes are frequently mentioned as

being faintly indicated, normal or prominent. Also the presence

of one or more setae is occasionally used.

The observations made upon the segmentation of specimens

would apply very largely to a discussion of the anal lobes. As
a specimen becomes older and more distended with eggs the

anal lobes become less prominent. Consequently in the use of

this character the age of the individual would have to be care-

fully considered. In the setae of the anal lobes there is evi-

dently a good character. (Tables 1-5). Upon each anal lobe

there are generally several setae. One of these, however, is

much longer and more robust than the others and is usually situ-

ated at the caudal extremity of the lobe. This is the seta referred

to in the tables and discussion. The variation in the length of

this seta is considerable, but the limits of variation are so great

that this does not lessen the value of the character. The com-
parison of the length of this seta to the length of the setae of the

anal ring is probably the most useful way of expressing the

character.

Setae of the Anal Ring. —The number of setae on the anal

ring is a generic character and although often given in descrip-

tions is of no importance as a specific character. Their length

compared to some other part of the insect is seldom mentioned.

However, the length of these setae is a very promising

specific character. The variation is considerable but not so
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great as to nullify the usefulness of the character. To deter-

mine the distal termination of the setae is sometimes difficult,

but it can be done with considerable accuracy. Another

difficulty is that the distal end of the setae have a tendency to

curl, but in spite of this and the above mentioned factor the

length of a seta can usually be ciuite accurately measured. As
stated above the comparison of the length of the setae of the

anal ring with the setae of the anal lobes is probably the most

available way to use this character.

In agrijoliae Essig considerable variation is found and the

character is hardly satisfactory. The setae of this species are

especiall}' difficult to measure because they are not robust.

Dermis. —The presence of setae and groups of spinnerets

upon the dermis is a character commonly noted. This is

usually not given enough in detail to be of assistance in the

separation of species.

Ec;(;-Sac. —Considerable use is made of the egg laying

habits of the species. Whether the egg-sac is of a fibrous

nature or is a mealy secretion is often stated. Also its presence

or absence is noted, depending whether the species is ovo-

viviparous or oviparous.

If a study of specimens of Pseudococcus can be made with

the insects in a natural condition, the manner of oviposition is a

good specific character. Whether a species is ovoviviparous or

oviparous is not always a sharply separated condition, for an

individual may give birth to living young and also deposit

eggs. However, the formation of an egg sac is an indication

that a species is oviparous and the formation of this egg-sac is

constant for the species. In a normally ovoviviparous form a

mealy secretion which is distinctly of a fibrous nature is made
upon the plant. Crawii Coq. and longispinus Targ. do not

form a distinct egg-sac but form a mealy secretion upon the

plant. Citri Risso and obscurus Essig form an egg-sac of con-

siderable size. Agrijoliae Essig forms an egg-sac but not so

extensive a one as the last two named species.

The writer is working on a monograph of the North Amer-
ican species of this genus. He would be glad to exchange
specimens of Coccidae for species of Pseudococcus not now in

his collection. Correspondence to this end is invited.


